Because of speculated risk in generating antibiotic resistance in pathogenic microbiota, natural products from plant origin due to their diverse biological activities, have recently gained a great attention in animal nutrition. This study was designed to evaluate graded levels of neem seed oil on growth performance of broiler chickens. A total of 400-day-old chicks were randomly allocated to five experimental treatment groups. Experimental rations consisted of supplementing basal diet (R0 À ) with 1 g antibiotic (R0 + ), 15, 20 and 25 g neem seed oil/ kg of feed. Data were recorded on feed intake, weight gain, feed conversion ratio, and serum biochemical parameters. Result revealed that feeding broiler chicks with 25 g of neem oil/kg of feed resulted in a marked (P < 0.05) decreased in feed intake as compared to the other treatments in the starter phase. The average live body weight and the weight gain decreased with increasing level of neem oil in the ration. Supplementation of poultry feed with graded levels of neem oil has no marked (P > 0.05) effect on carcass yield and relative weight of organs except for liver weight which significantly (P < 0.05) increased with the highest dose of neem oil. Serum content in total proteins, total cholesterol, HDL-cholesterol, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and creatinine were not significantly (P > 0.05) affected by the graded levels of neem oil. LDL-cholesterol significantly (P < 0.05) decreased with diets supplemented 20 g of neem oil/kg while triglycerides significantly increased with the highest doses of oil (20 and 25 g/kg) as compared to the negative and positive control rations. In conclusion, feeding broilers with Azadirachta indica seed oil has no beneficial effect on growth performance but may lead to the production of low-cholesterol chicken meat as demand by health-conscious consumers.
Introduction
Sub therapeutic use of antibiotics in the poultry industry for decades helped to maintain the equilibrium of the gut ecosystem and improve growth performance of chickens through good nutrition (Huyghebaert et al. 2011) . However, this practice although very effective, has been questioned, given the accumulation of antibiotic residues in livestock products and the resistance developed by pathogenous microbes in poultry farms (Kabir 2009 ). As consequence, farmers are more and more fighting against fatal diseases in poultry through the use of active compounds of plant origin. Plant products such as essential oils, spices, plant extracts and oil such as neem seed oil were investigated as a possible solution that would address public health concerns without compromising the efficiency of poultry production. However, there is no single product that has been successful in replicating the consistent effects of antibiotic growth promoters.
Neem (Azadirachta indica), is a tropical plant widely distributed in Africa and available all year round (Koona & Budida 2011; Ogbuewu et al. 2011 ). This plant is well adapted to the climatic and edaphic conditions of the rainforest and Sahelian tropical forest zones. Its leaves have a very bitter taste and have a garlic smell. Recent studies on the effects of neem leaves on broiler and table egg production have been documented (Bonsu et al. 2012; Jahanzeb et al. 2012) . Those studies have shown that neem leaves at 2.5 g/kg feed have very beneficial effects on growth performance and hemato-biochemical parameters in broilers (Jahanzeb et al. 2012) . Ogbuewu et al. (2010 Ogbuewu et al. ( , 2011 investigated the effect of dietary A. indica oil on body weight gain, linear body measurements and blood chemistry of pre-puberal rabbits. The result revealed that rabbits could tolerate up to 15% dietary inclusion of neem oil without deleterious effects on body weight gain, linear body measurements, and reproductive tract morphometry and biochemical parameters. A. indica seed oil contains triterpenoid compounds such as azadirachtin, gedunine, nimbine and nimbidine which have antibacterial and antifungal properties (Makeri et al. 2007; Valarmathy et al. 2010 ) that can make its use as an alternative to antibiotic. These compounds in poultry feed can produce additive or synergistic effects on production performance (Valarmathy et al. 2010) . The objective of the present study was to determine the effect of Azadirachta indica seeds oil as antibiotic substitute on the growth performance, carcass characteristics and biochemical profile of broiler chickens.
Materials and methods

Study area
This study was carried out at the Poultry Unit of the Teaching and Research Farm of the Faculty of Agronomy and Agricultural Sciences of the University of Dschang, Cameroon. Dschang, is located in the West region of Cameroon at 05°26 0 N and 10°26 0 E. The area experiences a wet season from March to November and a hot dry season for the rest of the year. Maximum ambient temperature is around 21°C, while an average annual rainfall of 2000 mm is prevalent.
Experimental birds
A total of 400-day-old Cobb 500 strain chicks with an average body weight of 38 g obtained from a local hatchery were randomly divided into 25 floor pens (each 10 9 15 feet) of 16 chicks each and five replicates per treatment group. Birds were provided with ad libitum access to feed and water during the experiment period which lasted for 49 days. Birds were given vaccines in drinking water against Newcastel disease and Infectious Bronchitis on the 8th day with a booster dose on the 23th day of age, and against Gumboro disease on the 10th day of age. Coccidiosis prevention was done using Vetacox â for 3 consecutive days per week from the 2nd to the 6th week of age. Birds were administered commercial antistress (Amintotal â , LAPROVET, Tours Cedex 2, France) in drinking water during the first 3 days upon arrival, after each vaccination, weighing session and transfer from brooding to finishing building.
Experimental diet
Fresh neem fruits were collected at Garoua in the Northern Region of Cameroon between September and October 2017. They were thoroughly washed with running tap water and separated from the sheet manually. The seeds were oven dried at 50°C until constant moisture content was achieved. The dried seeds were ground in a mill for size reduction. The extraction of oil was carried out by kneading the paste. The phytochemical analysis of the extracted oil sample was carried out by Chromatographic method as described by Talukdar et al. (2010) . The analysis revealed that alkaloids, flavonoids, terpenoids, phenols and steroids were present ( (Kana et al. 2017 ). Blood samples of slaughtered birds were collected in non-heparinised tube and serum was collected for the determination of AST, ALT, creatinine, urea, total proteins, total cholesterol, HDL-cholesterol and LDL-cholesterol. The AST and ALT content were estimated using the nicotinamide adenine dinucleotide dehydrogenase (NADH) oxidation reaction method. The serum (0.1 mL) was added to 1.0 mL of auto-reagent and incubated at 37°C for 3 min. The absorbance was measured at 340 nm, and the values were expressed as unit L À1 . Serum creatinine and urea levels were evaluated by colorimetric method as described by Bergmeyer & Wanlefeld (1980) and the results were expressed as mg/dL. Total serum protein content was determined by the Biuret method and serum cholesterol by the enzymatic colorimetric method.
Statistical analysis
Results recorded on growth and serological parameters were subjected to one-way analysis of variance procedure using the Statistical Package for Social Sciences (SPSS 20.0) computer software. A P-value of <0.05 was considered a significant difference among groups and the comparison of means was made using Duncan's Multiple Range Test (Steel & Torrie 1984) .
Results
Phytochemical content of neem oil
Phytochemical analysis (HPLC-MS and GC-MS) of neem oil identified 41 compounds with about 39.02% fatty acids, 36.58% triterpenoids and 24.40% sterols. The major fatty acids are oleic acid (43.68%), linoleic acid (19.78%) and stearic acid (16.93%). While the most prominent triterpenoids are Azadirachtin A 
Growth performance
The effects of graded levels of neem oil on feed intake, live body weight, weight gain and feed conversion ratio are summarized in Table 3 . Feed intake decreased with increasing level of oil during the starter phase (days 1-21), meanwhile during the finisher phase (days 22-49) and throughout the entire period of the study (days 1-49), there was no significant (P > 0.05) effect of neem seed oil on feed intake. Feeding broilers with graded levels of neem oil had no marked effect on weight gain and feed conversion ratio during the starter phase. During the finisher phase and the entire period of the study, when compared to the negative control ration, feeding broilers with graded levels of neem oil has no significant (P > 0.05) effect on live body weight, weight gain and feed conversion ratio (FCR). However, when compared to the positive control ration supplemented with antibiotic, body weight gain markedly (P < 0.05) reduced with neem oil whatever the dose in the ration.
Carcass characteristics
Carcass yield and relative weight of broilers organs as affected by the graded levels of neem oil are presented in Table 4 . It can be observed that neem oil had no significant (P > 0.05) effect on the carcass yield. Except, for the relative weight of liver which significantly (P < 0.05) increased with 25 g of neem oil/kg, the relative weight of organs was not markedly affected by the dietary treatments.
Digestive organs
The development of digestive organs of chickens as affected by the graded levels of neem oil is summarized in Table 5 . The intestine density significantly (P < 0.05) increased with 20 g of neem oil/kg as compared to antibiotic, while the intestine weight decreased (P < 0.05) with antibiotic as compared to the negative control and the treatments containing neem oil. Means with different superscript for the same parameters in each row are significantly different (P < 0.05). R 0 À: 0 g of neem oil/kg, R 0 +: R 0 À + 1 g of Doxycicline/kg, R 15 : R 0 À + 15 g of neem oil/kg, R 20 : R 0 À + 20 g neem oil/kg, R 25 : R 0 À + 25 g of neem oil/kg, P: Probability. Serum biochemical profile of the chicken Serum content in total protein, total cholesterol, HDL-cholesterol, AST, ALT and creatinine were not significantly (P > 0.05) affected by dietary inclusion of neem oil (Table 6 ). Urea and LDL-cholesterol serum content significantly (P < 0.05) decreased with 20 g of neem oil/kg feed as compared to the negative and positive control rations, while the triglyceride content significantly (P < 0.05) increased with the highest doses of oil (20 and 25 g/kg) as compared to other treatments.
Discussion
The present results showed a non-significant effect of graded levels of neem oil on feed intake during the entire period of the study. These results are consistent with the report of Landy et al. (2011) that indicated no significant effect of dietary inclusion of neem leaves powder at the rate of 7 and 12 g/kg of broiler chickens cumulative feed intake at 42 days. Singh et al. (2014) , also depicted that there are no significant differences between treatments in the feed intake when adding neem leaves powder to the layer diet at a rate of 1, 2 and 3 g/kg. During the starter phase (days 1 to 21), feeding broilers with 25 g of neem oil/kg of feed resulted in a marked (P < 0.05) decrease in feed intake as compared to other treatments. This finding may be explained by the bitter taste of neem oil. During the entire period of the study, the average live body weight and the weight gain decreased with increasing levels of neem oil in the ration. This result contradicted the finding of Manwar et al. (2007) , who supplemented broilers feed with increasing level of neem leaves powder and reported a significant increase in live body weight when compared with the control group. The present result is not consistent with the report of Onyimonyi et al. (2009) , which revealed a significant improvement in the live body weight and weight gain when adding neem leaves powder to broiler diet at a Means with different superscript for the same parameters in each row are significantly different (P < 0.05). R 0 À: 0 g of neem oil/kg, R 0 +: R 0 À + 1 g of Doxycicline/kg, R 15 : R 0 À + 15 g of neem oil/kg, R 20 : R 0 À + 20 g neem oil/kg, R 25 : R 0 À + 25 g of neem oil/kg, P: Probability. rate of 0.5%. The decrease in weight gain could be possibly due to the presence of the various antinutritional factors found in neem seed oil. The highest level of neem oil inclusion (25 g/kg) reduced the growth rate in broilers which could be attributed to the different bio-active components of neem oil. This is similar to the adverse effect on growth as shown in White Leghorn chicks fed de-oiled neem seed meal at or above 5% level for 8 weeks (Subbarayudu & Reddy 1975) . Salawut et al. (1994) also found that the lowest dose of neem oil in the diet of rabbits was better for growth performance than higher levels. Incorporation of graded levels of neem oil in the ration had no significant (P > 0.05) effect on the carcass yield of broilers. These results are in agreement with the findings of Kharde & Soujanya (2014) , who reported no significant differences between treatments on carcass parameters when adding neem leaves and garlic powder to broiler diet at a rate of 1.2 g/kg and 0.5 g/kg, respectively. The relative weight of liver significantly (P < 0.05) increased in birds fed diets supplemented with 25 g of neem oil/ kg. These results are consistent with the study of Durrani et al. (2008) that indicated a significant improvement in relative weight when adding 40 mg of neem leaves powder/L of drinking water. In this study, the increase recorded in liver weight can be explained by the intense activity of this organ due to the presence of the antinutritional factors contained in this oil. Indeed, the phenolic compounds and flavonoids contained in this oil have an antioxidant potential with a strong protective activity of liver enzymes. This study revealed that neem oil contained Azadirachtin A (3.46 mg/kg) and Azadirachtin B (0.55 mg/kg) which are the most frequent triterpenoids in the group of flavonols. It is well-established that azadirachtin is a more potent antioxidant than other antioxidant nutrients such as Vitamin C, vitamin E and b-carotene (Rice-Evans et al. 1995) .
Serum content in protein increased with diet supplemented with neem oil/kg as compared to the negative control. Serum protein actually depends on the availability of dietary protein. This suggests that the proteins of neem oil diets were available to the birds. The present result is in line with the findings of Samarth et al. (2003) , which revealed that incorporation of herbs in the ration increased the serum protein in broilers. The present result suggests that the inclusion of neem oil in the poultry diets did not significantly alter dietary protein utilization and synthesis in the liver or suppress the immune system of the birds. Serum protein is involved in the transport of important body substances and maintenance of normal distribution of water between blood and tissues through osmotic pressure (Polat et al. 2011) . Low protein is evidence of malnutrition, impaired protein synthesis in the liver or excessive protein catabolism while elevated protein levels may result from dehydration.
Inclusion of 20 g of neem oil/kg of poultry feed induced a significant decrease in LDL-cholesterol as compared to other treatments. This is consistent with It is presumed that those compounds either partially or wholly may be responsible for anti-hyperlipidermic activity of neem oil. The fall in LDL-cholesterol level of broilers fed neem oil diets probably suggests a general decrease in lipid mobilization; thus indicating that neem oil has indirect inhibitory effects exerted at the levels of HMG-CoA reductase, a key enzyme in cholesterol biosynthesis.
In the assessment of liver functioning, the activities of AST and ALT in serum were not significantly affected by the graded levels of neem oil. The AST is a cytoplasmic enzyme while ALT is found in both cytoplasmic and mitochondria. According to Bhatti & Dil (2005) , alteration in serum enzymes activity under stress conditions occurs due to malfunctioning of liver as degenerating and necrotic cells leak enzymes from cytoplasm. In this study, birds were quite healthy as shown low concentration of liver enzymes. These results corroborate with Ansari et al. (2012) reports on the decreasing of the same parameters in birds fed on neem leaf meal as phytogenic feed additive. The non-hepatoxic nature of neem was reported in the previous study by Haque et al. (2006) who recorded unaltered and normal activities of serum AST. In the present study, serum content in AST increased with 20 g of neem oil/kg. Values recorded are range within the reference value (50-350 UI/L) for healthy chickens (Ansari et al. 2012) . Neem oil is a promising hepatoprotective agent and this protective activity may be due to its antioxidant and normalization of impaired membrane function activity (Mohamed et al. 2010) .
Conclusion
The present study revealed that feeding broiler chickens with Azadirachta indica seed oil has no detrimental effects on growth performance and hemato-biochemical parameters. However, the dietary supplementation of this oil up to 20 g/kg may lead to the production of low-cholesterol chicken meat as demand by health-conscious consumers. Considering the growing restrictions of antibiotics growth promoters, neem oil could be used as feed additive to mitigate the public concern about bacteria resistance issues as well as antibiotics residues in broiler chickens meat.
